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ONE GIGASAMPLE PER SECOND TRANSIENT RECORDER: SESATE
A PERFORMANCE DEMONSTRAT ION* SR

Thomas E. Linnenbrink, David A. Gradl SR
and Daniel M. Ritt St
Q-DOT, Inc. o

1001 E. Touhy Avenue/Suite 135
Des Plaines, iL 60018

Gordon J. DeWitte and J. David Hutton
EG&G, Inc., Los Alamos Operations
P. 0. Box 809
Los Alamos, NM 87544

ABSTRACT--The performance demonstrated by a one gigasample per
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second (1 Gs/s) transient recorder currently in advanced developmenrt e ——

portends an important nev instrument for recording single transient
data. A Charge-Coupled Device {CCD) is used to sample a continuous
analog signal. Samples acquirad at the full sampling rate (1 Gs/s)
are temporarily stored in the CCD, then read out at a slow rute (e.g.,
250 Ks/s) into a conventional analog-to-digital converter prior to
storage in nonvolatile, digital memory. Enhanced circuitry and tech-
niques developed cver the past three years have yielded higher per-
formance than originally anti:ipated. Accordingly, the target
specification shown in Figure 1 has been revised to reflect higher
expectations.

BACKGROUND--Some aspects of testing nuclear weapons and their
effects require high dynamic range and wide-bandwidth coupled with
considerable post-acquisition data processing. Oscilioscope traces
recorded on photcgraphic film and subsequently digitized have been
the workhorse of this activity. Since the data is to be processed
digitally, there are compe!ling arguments (e.g., cost, accuracy and
error management) for converting the continuous, analog phenomena
to a digita) form as early in the process as possible. However, con-
ventional means of &nalog-to-digital conversion do not function at
1 Gs/s with 10-bit resolution with DC-200 MHz bandwidth. Clearly,
an unconventional approach was in order. Acknowledging similar
recording requirements, LANL and LLNL agreed to collaborate on a
CCD-based transient recorder. Q-DOT, Inc. was retained to develop
the recorder. LLNL agreed to develop the CCD. EGAG planned to
evaluate hardware performance and eventually field completed systems.

The recorder centers around 8 CCD configured as five parallel,
analog, shift registers. Each shift register has a high-precision,
wide-bandwidth signal sampler and stores 128 data samples. The five
registers are clocked synchronously at rates up to 200 Ms/s yielding
a sample every 5 ns on each register. The CCD can acquire 128 samples
of five 'ndependent data channels. Alternatively, the same data cun

#Part of this work was performed by Q-DOT, Inc. under subcontract
to Los Alamos National Laboratory (LANL). Other parts were per-
formed by EGAG, Inc. and Lawrence Livermore Naticnal Laboratory
(LLNL). LANL, EGAG, and LLNL are all prime contractors of the
U.S. Department of Energy (DOE).
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be applied to several registers to obtain more samples at faster
sampling rates. The principal application employs all five registers
for one data channel. Data is split into a series of five successively
longer paths. An incremental path length of 1 ns combined with 5 ns
sampling on each register produces continuous 1 ns (i.e., 1 Gs/s)
samples. After their acquisitior, samples are clocked out of the five
shift registers at a slow rate (e.g., 50 Ks/s) into a common output
shift register, through a ccmon analog-to-digital converter into
digital memory.

The basic system was reported in the IEEE Transactions in Nuclrar
Science! in 1979. At that time, the basic hardware had been integ. ted
and deTivered but not evaluated. In the past three years, all aspects
of the systems have been thoroughly evaluated. Significant improve-
ments were implemented. This paper will relate key improvements to
performance parameters and report current performance relative to the
target specification.

IMPROVEMENTS--Several improvements have been iacorporated in the
transTent recorder design since 1t was initially reported in 1979.
These include:

Reference reqister deleted: The original CCD design was con-
figured as four data registers plus an identical raference
register. The reference register was intended to aid in
post-acquisition data corrections. In fact, it is not neces-
sary for that function and is now used as another danta register.
This increased the CCD's capacity from 512 samples to 640 samples.

CCD driven with two-phase clocks: For initial characterization,
the CCD was driven with a serfes of four clocks each shifted 90°
in phase from the nexf.. Tests with two clocks shifted 180°
apart yielded nearly equivalent CCD performance. Since a two-
phase system operates with fewer CCD clock drivers, fewer [ -
connections to the CCD, and simpler timing circuitry, it was
adopted.

Time base suvharmonics reduced: Subharmonics in the time base
cause the instant of sampTing to vary in a fixed pattern. This
error can potentially be measured and subsequently taken into
account i1 data reduction. However, it is better eliminated. By
carefully isolating potential subharmonic sources from the time
base circuitry, all subharmonics are now below 60 dB and are not
observed as timing error in the recorded data.

Post-acquisition data correction enhanced: Drift {n the CCD and
close support clrcultry Is consIstentTy Tess than 0.1% of full
scale. Drift on this order permits detailed, accurate characteri-
zetion of operations that various circuit elements perform on the
data as it passes through them. With adequate processing power,
the influence of the operations on the data can be minimized, some-
times to insignificant levels. Given the demonstrated system
stability, an Intel 8086 microprocessor with the 8087 mathematics
co-processor was chosen to permit extensive post-acquisition data
manipulation, The B0B6/8087 operates with 80-bit floating-point

words (19 digit precision) under FORTRAN at rates to 0.015 Megaflops/

second.
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Programmable signal offset added: OUne of the methods considered
for remotely cailSrating part of the system also offered the ability
to locate signal ground at any puint in the full scale range of the

instrument. After discussion with users, this feature was incorpor-
ated in the system.

Several other features were also added, including, error corrected
memory and the ability to closely synchronize several recoruers. Pre-
history resolution and range were both extended.

PERFORMANCE--At this iriting (March, 1982), several key performance
parameters have been demonstrated.

Bandwidth: The measured amplitude response is -3 dB typically
Between 700 MHz and 1 GHz. The roll-off 1s smooth (1.e., free of
sharp peaks and valleys) to 2 GHZ. At 2 GHz 1t is typically -15 dB
to =20 dB. The smooth roll-of suggests a well behaved phase
characteristic.

Dynamic range (noise limited): Oynamic range is defined for this
Tnstrument as rms error to peak-to-peak signal. As such, it is
intended to be an overall measure of system accuracy. A limiting
component of this error is random noise. The signal-to-noise (rms)
ratio typically observed is 60 dB. This allows 10 dt margin for
other errors combinad.

Linearity: Total system non-linearity (defired as tintegral non-
Tinearity, the most stringent definition) {s typically less than
0.1% after post-acquisiticn correction.

Aperture: This is tne effective signel averaging period during
sampling. Given a track-and-hold sampler, 1t is difficult to
define precisely. If the averaging process which occurs as the
sampler shifts from track to hold 1s approximated as a window
integration, the etfect window is typically 0.2 as.

Aperture uncertainty: fhe random variation in the instant of
signal sanpling is called aperture uncertainty. Aperture uncer-
tainty of 1.8 ps (rms) has heen demorstrated.

Sampling interval: Sampiing at 1 Gs/s 1s routine.

The presentation in July, 1982 will show graphic data of these
resuiltls as well as additinnal data cbtained in the interim,

CONCLUSION--Recorder performance cemonstrated to date offers con-
siderable hupe that the ultimate system wili meet the entire target
specification in the field. In fact, some specification: (e.g., system
bandwidth) have been sufficisntly exceeded to suqgest the possibility of
instruments with even higher performance.

REFERENCE-~'Linnenbrink, T.E., Grad), N.A,, Metzgur, D.S.,
Hodson, E.X., Thaye-, D,R., CeWitte, G.J., Dalch, J.W., McConaghy, C.F.,
"A One Gigasample Per Second Transient Recorder," IEEF Transactions on
Nuclear Science, vol. NS-26, No. 4, pp. £143-4449, Auqust, 1970,




Parameter

Senpling
Signa) BM’

Control

Relative accuracy?
Dyramic range?
Linearity

Aperturs’

Aperture uncertainiy

Amplitude F.S.

Number of samples
Number of independent data records
Cross timing

Trigger
Pre-history
Crosstalk
0ffset, common

Temperature:
Operating
Cal to run

Warm-up time

Mgmory and status register

Cooling

Power monitor

Automatic power-up reacovery

Autamatic configuration/maintenance

'Corresponds to sampling interval
"Resolution, resolvable elements
JIRMS error to peak-to-neak yignal
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FIGURE 1: TARGET SPECIFICATION

Revised (July 13, 1981)

1m,2ns, 4ns, 8ns

DC-200 Mz, Nr-100 MHx, DC-50 MMz,
DC-25 MMz, (-3 dB)

Remote computer controlled, 1EEE 488
RS$232C (variable baud rate including
300 and 9600 baud), and front panel

10 bits, minimun

50 dB, minimum

Reproducible, correctable to ¢ 0,27

Samgling interval, maximum

* 3 ps, maximum

+ 2 v (4 Vpp), tapped delay line;
+ 10V (20 vpp). resistive split

640, maximum (5 channels of 128)
1t5S
+ 100 ps

External, NIMS, fined tareshold
(0-820 my, 16 ma into 50.)

+ 640 samples, 10-sample increments,
remotely progqrammable

Resultant error less than other
system errors

¢ fullscale, increment per 14-bit
(minimum) DAC, remotely programmable

50-100°T

+ 2°F

4 hour, miminum

Independent, redundant; single-bit
error correction, two-bit error
detection, non-volatile for 5 days

Forced air

Tolerance hand on power supplles
and hatterios

full operation

Modyle fdentification

riginal (August 3, 1977
Same
Seme
Remote, cumputer controlled
(CAMAC/HPIB) desirable
8 bits, minimym
40 dB, minimum
Same
Some
¢ 25 ps, maximum

+ 1V (2 vpp)

256, miminum, 512, marimym
Not specified
Same

0, 16, 32, 64 samples

Same

Not 1pecified

S me
Same
Sare

Non-volatiie for 5 days

Same

Not spec!”ied

Not specified
Not snecified



